The effects of dietary supplementa tion with 2 recently developed feed additives on the composition of the mucosaassociated microbiota of the ileum were studied in growing broiler chickens. A total of 48 male 1-d-old broiler chickens of the Cobb 500 strain were distributed in 4 treatments with 2 repli cates of 6 birds each. The 2 additives tested were a di dfructose dianhydride-enriched caramel (FC) and the garlic derivative propyl propane thiosulfonate (PTS O). Dietary treatments were a control (commercial diet with no additive), INU (20 g inulin/kg diet), CAR (20 g FC/kg diet), and GAR (90 mgPTS-O/kg diet). As a result of this study, inulin supplementation resulted in lower (P < 0.05) and FC feeding resulted in higher (P < 0.05) Blautia coccoides/Eubacterium rectale log 10 number of copies respect to controls. Higher (P < 0.05) bifidobacteria log 10 number of copies with respect to the controls was determined in the ileal mucosa of birds fed the PTSO-supplemented diet. Denaturing gradient gel electrophoresis and PCR analysis on Bifidobacterium spp. revealed the presence of Bifidobacterium longum, Bifidobacterium pseudolongum, and Bifidobacterium pseudocatenulatum in samples from chickens fed the control and the PTS-O-supplemented diet. Bifidobacterium longum was exclusively found in poultry fed the control diet, whereas B. pseudocatenulatum was found only in poultry fed the PTSO-sup plemented diet. This study showed that both PTSO and FC were able to modulate the composition of the ileal mucosaassociated microbiota of growing broiler chickens. Finally, in addition to B. pseudolongum, the presence of B. longum and B. pseudocatenulatum, spe cies not previously described in intestinal samples of broilers, was also demonstrated.
INTRODUCTION
Worldwide concern about the development of antimicrobial resistance and about transference of antibiotic resistance genes from animal to human microbiota led to banning the use of antibiotics as growth promoters in the European Union since Janu ary (EC, 2003 . Although there was a decline in the prevalence of resistance in bacterial isolates to certain antimicrobials after the discontinued use of antimicrobials for growth promotion in food ani mals in Europe, there was some persistence of re sistance observed (Sorum et al., 2006) . On the other hand, the removal of these compounds from animal diets has put tremendous pressure on the livestock and poultry farms, one of the main consequences being a substantial increase in the use of therapeutic antibiot ics (Yegani and Korver, 2008) . There is evidence that antibiotic growth promoters have long been effective in the prevention of necrotic enteritis in poultry flocks and that the incidence of the disease has increased in countries where antibiotic growth promoters have been stopped (Van Immerseel et al., 2004) .
One possible way to overcome this situation is through the dietary modulation of the gut microbiota, which plays a critical role in maintaining host health (Oakley et al., 2014) . In this context, probiotics, pre biotics, and synbiotics have been proposed as possible solutions in productive animals and in broilers (Huyghebaert et al., 2011) . The main putative effects of these feed additives are improved resistance to pathogenic bacteria colonization and en hanced host mucosa immunity, thus resulting in a re duced pathogen load, an improved health status of the animals, and a reduced risk of food-borne pathogens in foods Williams et al., 2001) .
A better understanding of the microbial ecology of the chicken gut is clearly required for the develop ment and proper use of pre or probiotics (Gong et al., 2002a) . This is particularly true for the mucosaassoci ated microbiota due to its closer relationship with the local immune and nervous systems. Although the gut surface-associated bacterial population is known to differ significantly from that in the intestinal content, the potential interest in it is high due to its proximity to the animal host and to observed effects on pathogen control and immune system development (Collado and Sanz, 2007; Stanley et al., 2014) . However, the in formation on intestinal mucosaassociated microbiota composition of broiler chickens is still scarce (Oakley et al., 2014) .
Accordingly, in the present study, we evaluated 2 previously tested additives, namely propyl pro pane thiosulfonate (PTS-O) and a didfructose di anhydride-enriched caramel (FC; Ruiz et al., 2010; SuárezPereira et al., 2010) . These were chosen due to their demonstrated effectiveness to modulate intesti nal microbiota composition, lower pathogen counts in the intestinal contents, and improve productive param eters of broilers in vivo (Orban et al., 1997; Peinado et al., 2012 Peinado et al., , 2013a . However, their mechanism of ac tion is still unclear. We hypothesized that they may be affecting not only the composition of the microbiota in the intestinal lumen but also that associated with the gut mucosa. In particular, in the present work, we fo cused on the ileal section tissue for 2 main reasons: 1) because the small intestine is the site where the over whelming proportion of nutrients absorption occurs and represents the most limiting factor in determin ing the accrual of BW (Moran, 1982) and 2) because histological modifications were previously (Peinado et al., 2012) found at this precise level in broilers fed PTSO-supplemented diets.
MATERIALS AND METHODS

Additives
Chicory root inulin (92.8% purity) was purchased from Farmusal (Granada, Spain). Inulin, a complex oli gosaccharide generally considered a prebiotic (Candela et al., 2010) , was used as a positive control. Details on the chemical nature of a FC and the garlic derivative PTSO have been previously reported (Ruiz et al., 2010; Peinado et al., 2012 Peinado et al., , 2013a .
Birds, Diets, and Housing
A total of 48 male 1-d-old broiler chickens (47 ± 4 g BW) of the Cobb 500 strain (Pollos Arenas S.A., Granada, Spain) were used. Birds were weighed on arrival and raised in wire-floored batteries. Treatments had 2 replicates (cages) of 6 birds each. Cages (0.5 m 2 ) were provided with convenient heating and the birds received a lighting regimen of 23:1 h light:darkness. Balanced commercial diets (Macob, Granada, Spain) free of any feed antibiotics and formulated to match the requirements for growing birds of this age and genotype were used. The analyzed composition of the diets is given in Table 1 . Diets (mash form) and water were fed ad libitum for 21 d. Chickens were randomly assigned to 1 of 4 dietary treatments: control (com mercial diet with no additive), INU (commercial diet supplemented with 20 g inulin/kg diet), CAR (com mercial diet supplemented with 20 g FC/kg diet), and GAR (90 mg PTS-O/kg diet). Additives were incorpo rated to the diets in dry form, except FC, which was previously solubilized in water and premixed with a portion of diet before its incorporation to the final diet. The experimental protocol was reviewed and approved by the Institutional Animal Care and Use Committee of the Spanish Council for Scientific Research (Con sejo Superior de Investigaciones Científicas, Madrid, Spain), and the animals were cared for in accordance with the Spanish Ministry of Agriculture guidelines (RD 1201 (RD /2005 .
Sacrifice and Sample Collection
At 21 d of age, all birds from each treatment (12) were killed by intrathoracic injection of the euthanasic T61 (0.2 mL/bird; Laboratorios Intervet SA, Salaman ca, Spain) between 90 and 120 min after feeding. Sam ples were collected from the same place (midpoint) of the ileum (Meckel's diverticulum to ileal-cecal con junction) in all birds immediately after sacrifice. A sec tion of 2 cm was opened longitudinally, and digesta and unattached or loosely attached bacteria from the walls was removed by washing 3 times with PBS. Sec tions were opened with sterile scissors and laid flat on a cold glass. Mucosa was scrapped off the underlying muscular layers, put into Eppendorf tubes, stored at -80°C, and freeze-dried (Ruiz and Rubio, 2009 ).
Quantitative PCR Analysis
Total DNA was isolated from freezedried intesti nal mucosal samples of ileal mucosa (50 mg) using the QIAamp DNA stool kit (Qiagen, West Sussex, UK). Following the manufacturer's instructions with some adaptations to increase its effectiveness, the lysis tem perature was increased to 95°C and an additional step with lysozyme (10 mg/mL at 37°C for 30 min) incuba tion was added (Ruiz and Rubio, 2009) . Eluted DNA was treated with ribonuclease and the DNA concen tration was assessed spectrophotometrically by using a NanoDrop ND100 Spectrophotometer (NanoDrop Technologies, Wilmington, DE). Purified DNA sam ples were stored at -20°C until use (Ruiz and Rubio, 2009) . Deoxyribonucleic acid integrity was checked in all cases by gel electrophoresis before analysis. Bacterial log 10 number of copies was determined us ing quantitative PCR (qPCR). The 16S rRNA gene targeted primers and PCR conditions used in this study were previously described by Peinado et al. (2013a,b) .
Polymerase Chain Reaction-Denaturing Gradient
Gel Electrophoresis Analysis of Bifidobacteria
Bifidobacterium spp. identification in ileal mucosa samples was done by denaturing gradient gel electro phoresis (DGGE). The 16S rRNA genes were ampli fied by PCR from extracted DNA of freeze-dried ileal mucosa samples, using Bifidobacterium genus-specific primers Bif164-F (5′-GGTGGTAATGCCGGATG-3′) and Bif662-GC-R (5′-CGCCCGCCGCGCGCGGC GGGCGGGGCGGGGGCACGGGGG GCCACCGT TACACCGGGAA-3′). Polymerase chain reaction am plification conditions used were an initial denaturation step at 94°C for 4 min followed by 35 cycles of 94°C for 30 s, 58°C for 20 s, and 68°C for 40 s and a final elongation cycle of 58°C for 20 s and 68°C for 10 min. The resulting amplicons were visualized on agarose gels to confirm the presence of a PCR product of expected size (520 bp). Polymerase chain reaction products were purified with NucleoSpin Gel and PCR Clean-up kit (MachereyNagel GmbH & Co. KG, Düren, Germany) and eluted in a final volume of 20 μL of Milli-Q wa ter (Millipore, Billerica, MA). Deoxyribonucleic acid concentration of the resultant PCR product was quan tified with a NanoDrop ND-100 Spectrophotometer (NanoDrop Technologies). Polymerase chain reaction fragments were separated by DGGE by using a denatur ing gradient of 40 to 65%. The gels were silver stained, dried at 37°C, and scanned. The total number, peak in tensity, and dendrogram of similarity cluster analysis of DGGE bands were measured by Quantity One 1D anal ysis software (BioRad Laboratories, Inc., Alcobendas, Spain). Cluster analysis of DGGE pattern profiles was performed using the Dice similarity coefficient and the unweighted pair group method with arithmetic mean (UPGMA) average clustering algorithm (Satokari et al., 2001) A dendrogram of DGGE banding profiles was con structed to visualize any clustering patterns evident and to generate similarity matrices for numerical and subsequent statistical analysis. The richness of the bac terial community was determined from the number of bands in each lane. The Shannon index (H), a measure of diversity, was calculated following the methodol ogy proposed by Magurran (1988) as H = -∑(pi × ln pi), in which pi is the abundance of each species. The evenness (E) of the bacterial community was further estimated as E = H/lnS, in which S is the total number of band types.
A selection of main DGGE bands were excised and eluted by incubation in 20 μL of sterilized distilled wa ter at 4°C. The time of incubation was dependent on the sample to be eluted (from overnight to a week). Two microliters from each tube were used as template to amplify the band of interest by using the primers Bif164F and Bif662GCR under the following PCR conditions: an initial denaturation step at 94°C for 4 min followed by 35 cycles of 94°C for 30 s, 57°C for 30 s, and 68°C for 40s and a final elongation cycle of 57°C for 30 s and 68°C for 10 min. Polymerase chain reaction products were purified from agarose gels with the NucleoSpin extract II isolation kit (Macherey-Nagel GmbH & Co. KG) and then cloned using the TOPO TA Cloning kit for Sequencing (Invitrogen S.A., Prat de Llobregat, Spain) following the manufacturer's instruc tions. Plasmids DNA were isolated from selected trans formants with the GenElute Plasmid Miniprep kit (Sig maAldrich, Alcobendas, Spain), and the inserts were sequenced by using sequencing primers included in the TOPO TA Cloning kit (Invitrogen S.A.). Sequence similarity searches were conducted using the basic local alignment search tool (BLAST) algorithm (Altschul et al., 1990 ) of the GenBank database (http://www.ncbi. nlm.nih.gov/genbank/) to identify the nearest relatives of the partial 16S rRNA sequences. A sequence similar ity ≥98% of the 16S rRNA gene was used as the crite rion for species identification.
Polymerase Chain Reaction Analysis
As significant differences from controls were found only in the PTSO group, PCR was run on mucosal samples of birds from the control or PTSO treatments for the definitive identification of Bifidobaterium spe cies. Species-specific primer pairs targeting the groEL or the tuf gene were obtained from the DGGE analysis (Junick and Blaut, 2012; Sheu et al., 2013 Cell Cultures (DSMZ, Braunschweig, Germany) and the Spanish Type Culture Collection (CECT; Valencia, Spain). All bacteria were anaerobically cultured in 15 mL Hungate tubes containing 5 mL Tryptone Peptone Yeast extract medium. The cultures were incubated overnight at 37°C. Genomic DNA from Bifidobacterium strains was extracted in 1.5mL overnight cul tures with the GenElute Bacterial Genomic DNA kit (SigmaAldrich, Tres Cantos, Spain) following the manufacturer's instructions for grampositive bacteria.
Polymerase chain reaction was performed in an iQ5 Cycler Multicolor PCR detection system (BioRad Laboratories, Inc., Hercules, CA). The reaction mix ture (25 μL) contained 1x iQ SYBR Green Supermix (BioRad Laboratories, Inc.), 250 to 300 nM of each forward and reverse primer (Table 2) , and 2 μL of DNA template. Polymerase chain reaction conditions were an initial denaturation step at 94°C for 5 min followed by 40 cycles at 94°C for 15 s, 58 to 70°C for 15 s, and 72°C for 20 s for primer annealing and product elonga tion ( Table 2 ). The amplified products were run on a 2% agarose gel to confirm the presence of the specific products.
Statistical Analysis
Data were analyzed as a 1way ANOVA using the GLM procedure of SAS (SAS Inst. Inc., Cary, NC), with the cage serving as the experimental unit for final BW values and the individual chicken serving as the ex perimental unit for microbiological parameters. All mi crobiological counts were subject to base10 logarithm transformation before analysis. Treatment means were separated using Bonferroni's multiple comparison tests. Statistical significance was declared at a probability of P < 0.05.
RESULTS
There was no mortality among the birds used for this study, and chickens remained in good health throughout the experimental period. Final BW were 580 ± 7, 578 ± 10, 610 ± 9, and 592 ± 10 for the con trol, INU, FC, and PTSO treatments, respectively. Differences in BW were not significant (P > 0.05).
Higher (P < 0.05) Bifidobacterium spp. log 10 num ber of copies compared with controls was determined by qPCR in the ileal mucosa of birds fed the PTS-Osupplemented diet (Table 3 ). There were no differenc es compared with controls in lactobacilli, Bacteroides, Clostridium leptum, and enterobacteria log 10 number of copies in the ileal mucosa of birds fed the PTSO-and FCsupplemented diets. Inulin supplementation resulted in lower (P < 0.05) Blautia coccoides/Eubacterium rec-tale log 10 number of copies, whereas FC supplementa tion resulted in higher (P < 0.05) values with respect to controls. Escherichia-Shigella values were too low to be determined with the procedure used here, as qPCR cycle threshold values were too close to blanks. Total bacteria log 10 number of copies tended to decrease in chickens fed the PTS-O diet.
A representative DGGE of ileal mucosa samples from animals fed the control and PTSO diets is shown in Fig. 1A . The identification of bands by sequence analysis revealed the presence of B. saeculare in 9 samples out of 14. Sequence analysis of band 12 re vealed the presence of 2 different species, B. saeculare and B. pseudolongum subsp. globosum. Some of the predominant bands were shared in both groups (3, 4, and 12). Birds in the control group showed up to 7 specific bands (1, 2, 5, 6, 7, 8, and 9) . Five bands (5, 6, 7, 8, and 9) were exclusively found in poultry fed the control diet. These bands corresponded to B. longum. Bands 10, 11, 13, and 14 were found only in poultry fed the PTS-O diet, and all of them were identified as B. saeculare and B. pseudocatenulatum. Dendrogram analysis of PCR-DGGE indicated that bifidobacteria community patterns clustered according to the dietary treatment (Fig. 1B) . The bands excised for sequenc ing are numbered in Table 4 . The diversity indexes of the DGGE profiles calculated to provide an ecological interpretation of the DGGE pattern are shown in Table  5 . The number of bands or richness, as well as Shan non and evenness indexes, in ileal mucosa samples of poultry fed the control diet were significantly higher (P < 0.05) compared with those from poultry fed the PTSO-supplemented diet.
Because Bifidobacterium species show a rela tively high 16S rRNA gene sequence identity (mean = 95% [Miyake et al., 1998; Ventura et al., 2006] ), a PCR analysis targeting the groEL or tuf gene was done to confirm the results obtained by DGGE analysis. These housekeeping genes have a higher discriminat ing power for bifidobacteria than the 16S rRNA gene (Junick and Blaut, 2012) . Figure 2 shows the results of the PCR analysis based on the use of speciesspe cific gene primers. A specific band was detected for B. longum only in the control group, whereas the specific band corresponding to B. pseudocatenulatum appears only in samples from poultry fed the PTSO diet. Fur thermore, PCR analysis reveals the presence of a spe cific band corresponding to B. pseudolongum in both the control and the PTSO samples. Bifidobacterium saeculare cannot be definitely discriminated from B. gallinarum based on the partial 16S sequence. When performing PCR analysis using species-specific prim ers for B. gallinarum, no specific band was found either in the control or the PTSO-fed bids.
DISCUSSION
Propyl propane thiosulfonate and FC dietary sup plementation have been previously shown to induce changes in the intestinal microbiota composition, lower pathogen counts, and improve productive/physiologi cal parameters of broilers in vivo (Orban et al., 1997; Peinado et al., 2012 Peinado et al., , 2013a . Diets containing PTS O also gave place to an increased absorption surface at the ileal level (Peinado et al., 2012) . However, the mechanism of action of both additives is still unclear.
In the present work, we found that PTS-O and FC were able to induce changes in the microbiota composition not only in the ileal digesta but also at the tisular level.
The apparent ME and the fecal digestibility of en ergy, N, fat, fiber, and nonstarch polysaccharides were greater than in controls in PTS-O-fed chickens, co inciding with improved growth and feed to gain ratio (Peinado et al., 2013b) . Additionally, a bactericidal ef fect of PTSO against enterobacteria, coliforms, Escherichia coli, Campylobacter jejuni, and Salmonella spp. has been also observed both in vitro and in vivo (Peinado et al., 2012; Ruiz et al., 2010) . Birds fed the diet supplemented with FC had higher fecal energy, fat, fiber, and nonstarch polysaccharide apparent digest ibilities than those fed the control diet. For both ad ditives, these differences in physiological parameters have also been accompanied by significant changes of bacterial counts in the intestinal contents (Peinado et al., 2013a,b) . It is therefore relevant to establish wheth er or not a relationship can be established between health and productive parameters and changes in the intestinal microbiota composition in broilers. Positive and negative correlations between perfor mance parameters and changes in the counts of some defined microbial groups in the intestinal contents of growing broiler chickens have been recently reported by our group (Rubio et al., 2014) . Also, Clostridiaceae 1, Lachnospiraceae, Ruminococcaceae, and Micrococ caceae have been tentatively identified by terminal RFLP analysis as those families most likely implicated in defining the cecal microbiota composition of grow ing broiler chickens and also as those most closely re lated with differences in productive parameters (Ruiz et al., 2015) . Although it has been reported that a high level of bird performance may be supported by a range of microbial compositions (Geier et al., 2009) , and despite its scientific and practical relevance, studies addressing specifically the study of the relationship between variations of the microbiota composition and productive/physiological parameters are still scarce in poultry production. By using terminal RFLP analysis together with multivariate statistical methods, Torok et al. (2011a,b) identified and characterized changes in gut microbiota development in chicks in response to enzyme or antimicrobial agents in feed, which had performance implications. More specifically, an overgrowth of some microorganisms including en terobacteria in the intestine has been reported (Bour linoux et al., 2003; Pelicano et al., 2005) to result in mucosal impairment, villus erosion, and damage to the intestinal cells, thus reducing its nutrient absorp tive potential. Fonseca et al. (2010) linked a decrease in the quantity of cecal enterobacteria with improved performance in broilers, and Kim et al. (2011) proved that lower numbers of certain gut pathogens such as E. coli may improve broiler performance. Peinado et al. (2012) showed that PTSO supplementation lowered the numbers of enteropathogens in the ileal content and improved the ileal histological structure and pro ductive parameters of broilers. In the work described here, no difference was found in the number of cop ies of enterobacteria in the ileal mucosal samples of broilers (Table 2) . However, although values did not reach significance, a tendency for lower total bacteria was observed in chickens fed the PTS-O diet ( Table   Table 4 a,b Within a row, means without a common letter differ (P < 0.05).
1 The richness of the bacterial community was determined from the number of bands in each lane. 2 The Shannon index (H) was calculated as H = -∑ (pi × ln pi), in which pi is the abundance of each species. 3 The evenness (E) of the bacterial community was further estimated as E = H/lnS, in which S is the total number of band types. 2). This is likely to be in line with the lower diversity indices of ileal mucosaassociated bacteria found for birds fed the PTSO-supplemented diet (Table 4) . In any case, the differences in composition and function between the intestinal contents and mucosaassociated microbiota in broilers (Gong et al., 2002a,b; Stanley et al., 2014 ) also have to be kept in mind.
Bifidobacteria are thought to exert a protective role against pathogens via production of antimicro bial agents and/or blocking of adhesion of pathogens, promote gut integrity, and modulate the host immune response (Pokusaeva et al., 2011) . Although the in formation on broiler intestinal bifidobacteria is quite scarce, previous studies reported a low presence of the Bifidobacterium spp. in the poultry gut, represent ed mainly by Bifidobacterium pullorum (Gong et al., 2007) . Ballesté and Blanch (2011) reported the pres ence of B. saeculare, B. gallinarum, and B. pullorum in wastewater from poultry slaughterhouses. Bifidobacterium spp. have also been explored as probiotics in broilers. In particular, B. longum subsp. longum PCB133 has been incorporated into broiler diets alone (Santini et al., 2010) or in combination with prebiotics (Baffoni et al., 2012) . In both cases, B. longum PCB 133 exhibited probiotic properties and a marked antiCampylobacter activity both in vitro and in vivo. It has therefore been proposed as an excellent candidate to be used as an additive in poultry feeds for the reduc tion of foodborne campylobacteriosis in humans.
In the current work, when the PCR-DGGE pat terns of bifidobacteria in the ileal mucosa from control vs. PTS-O birds were compared, 5 bands (5, 6, 7, 8, and 9) corresponding to B. longum were exclusively found in birds fed the control diet. Although the absence of these bands in samples of chickens fed the PTS-O diet does not exclude its presence, it indicates that this particular species was not predominant in these birds. Bands 10, 11, 13, and 14 were found only in broilers fed the PTS-O diet, and all of them were identified as B. saeculare and B. pseudocatenulatum. The identifi cation of bands by sequence analysis also revealed the presence of B. saeculare in samples from both treat ments. Ballesté and Blanch (2011) studied the diver sity of bifidobacteria by using PCR-DGGE and detect ed a single band that showed 100% similarity with B. saeculare. We have obtained more than one band for this species. It is known that some species can display more than one DGGE band. Therefore, species of the Bifidobacterium genus have 1 to 5 operon copies of the 16S rRNA gene, which differ in their sequences, lead ing to the appearance of different bands (Candela et al., 2004) . Also, microheterogeneities in the 16S rRNA sequence and the formation of heteroduplexes during PCR, together with the presence of doublets due to abortion of the elongation reaction caused by the GC clamp, may alter the migration behavior of PCR frag ments in DGGE (Ballesté and Blanch, 2011; Satokari et al., 2001) . Besides, PCRDGGE methodology could also lead to some distortions, because some sequences may be amplified better than others. Therefore, some of these phenomena could explain the fact that differ ent bands in DGGE corresponded to the same species of Bifidobacterium spp. (Satokari et al., 2001) . Se quence analysis of bands 10, 11, 12, 13, and 14 re vealed the presence of 2 different species in each one. In some cases, different strains migrate to the same position, as do B. saeculare and B. pseudocatenulatum or B. saeculare and B. pseudolongum subsp. globosum. The position of a PCR product in the gel depends on the melting domains formed as it advances across the gel. Although 16S rRNA gene sequences from these strains are different, they may have had the same melt ing domains, thus resulting in the same position in the gel (Ballesté and Blanch, 2011) . The fact that some closely related species could not be separated from each other by DGGE profile has been previously re ported by Satokari et al. (2001) . The results obtained here suggest that the number of major bifidobacterial species in broiler ileal mucosal samples is low and that PTS-O was able to significantly increase and modulate the composition of mucosa-associated bifidobacteria in growing broilers. This, in turn, might improve resis tance to pathogenic bacteria colonization and enhance host mucosa immunity, lower pathogen load, and im prove the health status of broilers (Yegani and Korver, 2008; Gaggìa et al., 2010) . In fact, B. longum PCB 133 has shown marked anti-Campylobacter activity both in vitro and in vivo (Baffoni et al., 2012; Santini et al., 2010) . Suggested modes of action of probiotics in volve production of specific metabolites (short organic fatty acids, H 2 O 2 , and intermediary metabolites with antimicrobial activity), interaction with receptor sites, stimulation of the immune system, and modifications in mucin dynamics among others (Huyghebaert et al., 2011; Smirnov et al., 2005) . In line with this, improved resistance to infection by the broiler mucosal parasite Eimeria acervulina has been recently shown in chick ens fed diets supplemented with PTSO/PTS (Kim et al., 2013) .
Since the advent of cultivationindependent meth ods, the 16S rRNA gene has been widely used as a valu able tool for bacterial identification (Fox et al., 1980) . However, the high degree of similarity between 16S rDNA sequences of closely related species within the same genus makes their correct identification trouble some due to the difficulties to develop highly specific primers or probes for the different species. Bifidobacterium spp. reveal a relatively high 16S rRNA gene se quence identity (mean = 95% [Miyake et al., 1998; Ven tura et al., 2006] ). Alternative target genes for the dif ferentiation of various Bifidobacterium species include housekeeping genes such as tuf (Ventura et al., 2003) and groEL (Jian et al., 2001; Ventura et al., 2006; Zhu et al., 2003) . These genes have similar or even higher discriminating power for bifidobacteria than the 16S rRNA gene. Unfortunately, only a limited number of sequences of these marker genes are currently available.
In this work, we have used species-specific prim ers to confirm by PCR analysis the identification of the Bifidobacterium species obtained with DGGE (Junick and Blaut, 2012; Sheu et al., 2013) . The presence of B. longum in samples from birds fed the control diet and B. pseudocatenulatum in samples from birds fed PTS-O was demonstrated by using species-specific primers targeting the groEL gene. A specific band for B. pseudolongum appeared in both control and PTSO samples when PCR analysis was done using species specific primers targeting the groEL gene. However, the identification to the subspecies-level (i.e., discrimi nation between B. pseudolongum subsp. pseudolongum and B. pseudolongum subsp. globosum) was not possible because of the specificity of the primer pair. The 16S rRNA sequence similarities are exceptionally high for B. saeculare and B. gallinarum (Miyake et al., 1998) . As far as we know, species-specific primers for B. saeculare have not yet been described, but it is pos sible to detect B. gallinarum by using specific primers targeting the tuf gene (Sheu et al., 2013) . As the PCR analysis did not reveal the presence of B. gallinarum in the control or in PTSO samples in the current study, considering the similarities between the 2 species, the band observed in the ileal mucosa of poultry fed the control and PTS-O diet most likely corresponds to B. saeculare.
The B. coccoides/E. rectale group log 10 number of copies also increased in the ileal mucosal samples of chickens fed diets supplemented with FC. This bacte rial group includes species that are known as butyrateproducing bacteria, thereby contributing to important processes linked to colonic health, including protec tion against inflammatory bowel disease and colorectal cancer in humans (Kleessen et al., 2001) . In a previous report (Peinado et al., 2013a) , we found an increase of this group in the crop contents of chickens fed diets containing FC but not in ileal or cecal contents. Al though no attempt was made in the present work to identify what specific species of this group were af fected, we believe that it deserves further investigation due to its potential beneficial properties.
Implications
In addition to their previously reported effects on performance, pathogen counts, and microbiota com position of the intestinal contents (Peinado et al., 2012 (Peinado et al., , 2013a , the work here reported showed that feed addi tives PTSO and FC were able to modulate the broiler ileal mucosa-associated composition of the bifidobacte ria and the B. coccoides/E. rectale groups. This is likely to have important implications because 1) these changes may affect the immune system development in broilers fed diets supplemented with these additives and 2) the most important poultry pathogens implicated in human zoonosis, as for example Campylobacter jejuni, the most frequent cause of food-borne bacterial gastroenteritis in the world, colonize the chicken intestinal mucosa (Hum phrey et al., 2014) . In addition to B. pseudolongum, the presence of B. longum and B. pseudocatenulatum, spe cies to our knowledge not previously described in intes tinal samples of broilers, was also demonstrated. The ef fects of these additives on other potentially relevant bac terial groups at the tisular level, including pathogenic or potentially pathogenic groups, and on the development of the intestinal immune system should be further inves tigated. This might help open ways for the development of new feed additives able to improve both productivity and safety of the poultry industry.
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